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[. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
I.LA. Summary of the Sector Notebook Poject

Integrated environmental policies based upon compraheandysis ofair,

water and land pollution are a logl supplementttraditiona singe-media
approaches to environmental protecti@mvironmeral regulatory agences

are begnningto embrace comprehensive, multi-statute solutions to facility
permitting, enforcement and compliance assurance, education/ outreach,
research, and reglatory development issueslhe central concepts driving
the new polcy direcion are hat pollutant releasesd each envonmendél
medium (air, waer and bnd) affecteach dter, and lhat envronmentl
strateges must activelydentify and address these inter-relationships by
designing policies for the“wholée’ facility. Oneway to achieve a whole
facility focus is to design environmentd policies for smilar industrial
facilities. By doing so, evironmentd concerns tha are common to the
manufacturing of similar products can be addressed in a comprehensive
manner. Recogition of the need to develop the industrial “sector based”
approach within theEPA Office of Compliance led to thecreation of this
document.

The Secior Notebook Project was oriplly initiated by the Office of
Compliance wihin the Office of Enforcerantand Gmpliance Assurance
(OECA) to provideits stdf and managers with summaey informaion for
eighteen specific industrial sectors. As other EPA offisetestheregulated
community, environmental gpups, and the public became interested in this
project, the scope of the oriigal project was gxanded to its current form.
The ahblity to design comprénensivg common sase environmentd
protection measures for specific industries is dependent on knowleflg
severalnter-relatedopics. For the purposes of this project, the kégments
chosen for inclusion are: general industryinformation (economic and
geographic); a description of industrial process®siution outputs;pollution
prevention opportunities; éderal statutoryand reglatory framework;
compliance history; and adescription of partnerships that have been formed
between regulatory agendes, theregulated communityand thepublic.

For anygiven industryeach togt listed above could alone be the subject of
alenghy volume. However, in order to produce a mamagle document,

this project focuses on providing sunmmary information for eachdpic. This
format provides the reader with argypsis of each issue, and references if
more in-deph information is avalable. The conént of each profie were
researched from a variety sources, and were usuatigndense from more
detailed sour@s. This gproah dlowed for awide coverage of activities thd

can be further eplored based upon the citations and references listed at the
end of this profile.As a check otheinformationincluded,eachnotebook
went throudp an exernal review process.The Office of Compliane
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appreciates theefforts of dl those who paticipated in this proess who
enabled us to devebp nmore conplete, accurag¢ and up-6-dat sunmaries.

Many of those who reviewed this notebook are listed as contacts in Section
X and maybe sources of additional informatiomhe individuals andrgups
onthislist do not necessarilyoncur with all statements within this notebook.

|.B. Additional Inf ormation
Providing Comments

OECA's Office of Compliance plans to periodicalgview and update the
notebooks and will make these updates available both in hard angdy
electronically If you have angomments on the &sting notebook, oif you
would like to provide additional information, please send a hard aogy
computer disk to the EPA Office of Compliance, Sector Notebook Project,
401M St., SW @223A), Washingon, DC 20460. Commants @n aso te
uploaded o the Envio$ens$e Vérld Wide Web for generalaccessa all users

of the systan. Follow instructions in Appendix A for accessig this system
Once you have loged in, procedures for uploadingx are available from
the on-line Enviro$en$e Help Sgm.

Adapting Notebooks to Rrticular Needs

The scope of the industsgctor described in this noteboakproxmates the
national occurrence of facility types within thesector. In many instances,
industries within specific geographic regions or states may have unique
characeristics that are notfully captired n these profies. The Office of
Compliance encourags sate and dcal envronmenta agences and dier
groups to supplement or re-packabe informatiomncludedin thisnotebook

to include more specific industrial and végfory information that maye
available. Additionally, interested states mayant to supplement the
"Summaryof Applicable federal Statutes and Rdgtions"section with state
and local requirementsCompliance or technical assistance providerg ma
also want to develop the "Pollution Prevention” section in more ddail.
Please contact the appropriate specialist listed on the opgraggof this
notebook if ypur office is interested in assistingin thefurtherdevelopment

of the information or policies addressed within this volumé.you are
interested in assistingn the development of new notebooks for sectors not
alreadycovered, please contact the Office of Compliance at 202-564-2395.
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II. INTRODUCTION TO THE P HARMACEUTICAL INDUS TRY

This section provides backgund information on the sz geographic
distribution, emplognent, production, sales, and economic condition of the
pharmaceuticaindustry Facilities described within this document are
described in terms of their Standandluistrial Classification (8l) codes.

[I.LA . Introduction, Bakground, and Sope of the Notebook

The Standard dustrial Classification (£]) code established kihe U.S.
Office of Managment and Bdget (OMB) to track the flow of gods and
services within the economy 283 for the pharmaceuticals industfijhe
industryis further categrized byfour 4-digt SIC codes consistingf:

Medicinals and BotanicalsS{C 2833)
Pharmaceutical Preparation$S(C 2834)

In Vivo and in Vitro Diagnostic Substanc&C 2835)
Biological Products, except diagnosti&C 2836)

OMB isin theproces®f changngthe SC code sgtem to a sstem based on
similar production processes called the North Americarustrid
Classificaton System (NAICS). In the NAIC system medicinals and
botanicals are classified as N&I325411 and pharmaceutical preparations
are classified as NAI 325412.

According to theU.S. Census of Manufacaus, in 1992 the Medicinals and
Botanicals and Rarmaceutical Rparations categies accounted for 64
percert of establishments and 81 pecent of thevdue of shipmants in the
industry In comparison, thenlVitro and h Vivo Diagnhostic Products and
Biologcal Produds ctegories ae relatively smdl. Togethe theyaccouned
for the remaining36 percent of establishments and 19% of the value of
shipments in the industryn general, the industrial processes aatbsequent
environmental impacts of then Vitro and h Vivo Diagnhostic Products and
Biologcal Productate@riesaredifferent from those of the Medicinals and
Botanicals and PRarnaceuical Preparaitons caggories. This notbook
concentrates on the two laegcategries (SC 2833 and 2834) within &l
283.

[I.B. Charaderization of the Pharmaceutical Industry

As defined byits SC Code, the pharmaceuticals indus(gC 283) consis

of establishments that are primaritwolved in fabricatingor processing
medicinalchemicalsandpharmaceutical product3he industnalso includes
establishments that formulate pharmaceutical products and are involved in
grinding, grading and milling of botanical products. The Census of
Manufacurers defnes an esblishmentas a sige physical locaton or a
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facility whee manufacturing occurs. If more than onedistind line of
manufacturingoccurs at the same location, ther&au of Census requires
separat repors for each agvity.

Although the industrys part of the two-dig) SIC code 28 for Cheicalsand
Allied Products, it differs sigificantly from the rest of the chemicalsglustry
initsindustrial processes and rdgtoryrequirementsFor example, in its
industrial processes, the pharmaceuticals indusegymorebatchoperations
than the chemicals industrgas a whole. Since some of the bulk
manufacturing operations involve dracting relatively small, hidnly
concertrated quantities of active ingredients from mub larger volumes of
raw material, the industr\s production held for these operations is
correspondinly low.

The pharmaceuticals industiso receives a@nsive reglatory oversidit by
theU.S.Food and DrugAdministration (lPA). In 1996, the Center for Drug
Evaluationand Research, FDA approved 131 new dipiglications (NDAS),
of which 53 wee new molecular entities. Accordingto theCongessiona
Office of Technolog Assessment (OTA) in 1993, it costs an aver@gb359
million to develop anew drugand complete thedrugapprovd process. Totd
drug development and agcyreview time averagd 15.3 ears for drug
approvedrom 1990throuch 1995. More information on thegtigal industrial
processes and relgtory requirements of this industiy providedn Sections
[l and VI, respectively.

When a pharmaceutical compangiscovers a compound that mhgve
medical potential, thecompany usudly appliesfor apaent. Paents ae vdid
for 20 years from the date of applicatioAny drugmadefrom thecompound
may be marketed onlyafter approval bythe federal Bod and Drug
Administraion (FDA). Thedrugdevelopment proaess, bginning withinitial
toxicology testing followed by clinica trials for sdety and dfectiveness, ad
review of the appicaion bythe FDA averags fifteen yars. When he
companys patent or period of eblusivity has &pired, other companies may
rely on the orighal manufacturer’s data on safeiyd éfectiveness  obtain
approval to market a gneric version of the drugCompanies wantingp
manufacture the same dragce it is off-patent are requiréalobtainFDA
marketing approval, based on evidence that thenegic version is
“bioequivalent,” i.e., differs in the rate andiext of drugabsorption byo
more than 25 pecent nor less tha the 20 pecent from theoriginal drug
(FDA, 1996. While companies that specialize in the development and
marketing of brand-name, innovator drsfgmay have subsidiaries that

! The term “brand name” is usel interchangeably with “pioneer drug” or “innovator’'s dug product”. The terms
reflect the fact that the drig prodict is the first to comain a particliar active ingredien or ingredierts to receie FDA
approwal for a specifed wse. The term“gereric” drug is wsed to describe a produthat corains the sane active

Sector Notebook Project 4 September 1997



Pharmaceutical Industry Introduction

manufacture generic products, most gneric drugcompanies do not conduct
research intended to identiéynd develop innovator dragPhRMA, 1997).

Becausef the high g andtime to gprova, effective paent protetion is

an essential component in the decision to invest in ddeyelopment and
marketing. This is epecially truefor internaiona companies intaested in
marketingdrugs in several countries, each with its own approval procedure
and maketing requirements. While the Internaiond Confaence on
Harmonization is proposingharmonizd rules for drugregstration and
approval for Europe, dpan and the Unitedt&es, each countmgtains its
ownapprovakystem. In other countries, especiatievelopingcountries, the
issue of adequat paent protecion is a cental concern of pharaceuical
manufacturers (PhRMA, 1997).

Discoveryof new compounds followed biyrther researchral development
(R&D) is one of the primarfunctions of the industryThe pharmaceutical
producton process garts with an extensve research stage, which can last
severa years. Following the discoverpf a new drughat appears to have
efficacyin treating a preventingillness, preclinical tests ad dinical trials
are conducted. Then a New DrugApplication (NDA) is submitted to the
FDA for approval Accordng to a primary trade assoation for
pharmaceutical companies producbrgnd mme drugs, the Phamaceuical
Research and Manufagters of Anerica (FRRMA), it takes an avege of 15
yearsto bring a nev drugto maket, from time of disovery to gprovd
(PhRMA, 1996).1t is onlyafter DA approval has been seed tha market
distribution in the U.S. can beg

The competition for discoveringnew drug and bringhg them to market is
extremelyhigh. As a result, a sigficant proportion of the industry sals
arereinvesed nto research and dewgment(R&D). According to PhARMA,
totd R&D expenditures, both domsticaly and akroad by its members will

be closeto $19 billion dollars in 1997 PhRMA estimates that over 21% of
total sales will be reinvested into R&by its members (PhRMA, 1997).

[I.B.1. Product Characterization
The pharmaceutical industmnanufactures bulk substance pharmaceutical
intermediates and active ingredients whid are furthe proaessel into finishel
products.

Medicinals and BotanicalsS{C 2833)

Companies in the Medicinas and Botanicalsindustrycategry areprimarily

ingredients bu not necessarilythe sane excipierts (inactive ingredients) as a saalled ‘pioneer drg”.
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engaged in 1) manufacturindulk organic and inorgnic medicinal chemicals
and their derivatives and 2) processing (gading, grinding, and milling) bulk
botanical drug and herbs.The industryis made up of establishments or
facilities thatmanufacturgoroducts of natural orig, hormonal products, and
basic vitamins, aswell as hose hatisolate actve nmedicinal principals such
as alkaloids from botanical dreignd herbs (OMBL987). These subshces
are used as active imgdients for the FParmaceutical parations industry
category. Companies often produce both Medicinals amdaBicals and
Pharmaceutical Preparations at the same facility

Pharmaceutical Preparation$S(C 2834)

The Fharmaceutical Rparations industrgate@ry is made up of companies

that manufacure, fabrcate, and process rawaterials into pharnaceuical
preparations for human and veterinarges. Finished products are sold in
various dosa@ forms includingfor example, tablets, capsules, ointments,
solutions suspensiongnd powdersThese are 1) preparations aimed for use
mainlyby dental,medical, or veterinargrofessionals, and 2) those aimed for
use by patients and the gneral public (OMB, 1987). A more in depth
discussion of these finished products is provided in SectilbrA.3.
Pharmaceutical products also are often classified in teftheir availability

to thegeneral public.

Both prescription and over-the-counter (OTC) drage available to the
public. Prescription drugs can be purchased onljith a prescription from a
licensed hett care professnal autorized b prescibe, whlie OTC drugs
maybe purchased without a prescriptiorhe FDA will conside approving
the switch of a drugfrom prescription to OTC when the manufacture
presents evidence hatconsuners can séldiagnose he condiion for whcch
the drugis approved, i.e., cold or seasonal alfeegd directions br use can

be written for the consumer (PhRMA, 1997).

In Vivo and h Vitro DiagnosticSubstanes (S C 2835)and Bological Producs (SIC2836)

The h Vivo and h Vitro Diagnostic Substances industste@ry (SIC 2835)
includes facilities thatmanufacture in vivo (teded ingdea living agansm)
andin vitro (testedbutside of a livingorganism) diagnostic substanceg.hey
produce chemical, biolagal, and radioacte subgances usd in diagnosng
and monitoringhealth. The Bologcal Productsndustrycate@ry (SIC 2836)
produces baceriad and vrus vacanes, bxoids, serurg plasnas, and dter
blood derivatives for human and veterinay use, other than in vitro and in
vivo diagnhostic substances (OMR987).

[1.B.2. Industry Size

Accading to theU.S. Census of Manufacterdor he pharmaceuicals
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indugry as a whole (SIC 283) in 1992 thee were a totd of 1,45
establishments emplayg 194,000 people (eluding Puerto Rico). It is
possible tha someof the smdler facilities identified by the Census &e
actudly sdes, maketing or distribution enters in whidh no maufecturing
operatonstake plce. Such posdile msclassficaions have no gnificant
effect on the census atistics oher han on lhe nunier of conpanies and
establishments. (U.S. Department of Commerce, 1998 value of total
shipments was over $67 billion (see Table IRharmaceutical Preparations
(SIC 2834) was the lagsgt sector in terms of number of facilities (48
percent), emplayent (63 percent), and value of shipments (75 percéhg.
remaining facilities, enployment, and vdue of shipmets wee divided
evenlyamongthe remainingectors within the industrne exeptionis the

In Vivo and h Vitro Diagnhostic Products sector (SR835) which claims a
higher portion of emplayent than ST codes 2833 and 283@=igure 1
displays the value of shipments Isgctor, andilgure 2 displag enployment

by sector.

A relatively significantnunber of pharmaceutcal eseblishment are located
in Puerto Rico. This is in pd theresult of thefederal government’s policy
decsionto encouragjobcreaton byofferingtax incentves b manufacturers
to locate new plants in Puerto RicdA 1996 taxlaw phases-out thosexta
incentves over lie nex ten years.

The dfects of thetax incentive are illustrated by the concentraion of
pharmaceutical plants in derto Rico. Accordingto the 1992 Economic
Censusof Outlying Areas, which covers staistics for Pueto Rioo, thee were
atotal of 88 establishments in Puerto Ric@f these 88, 74 establishments
were in the Rarmaceutical Reparations industry8 werein the Medicinals
andBotanicalsindustry andtheremaining & establishments were in theIn
Vitro and h Vivo Diagnostic Products industrgnd the Bological Products
exceptdiagnhosticsubstances industnyf he total value of shipments of the 88
establishments located in Puerto Rico was about $12 bilRbarmaceutical
Preparations accounted for about 92 percent of thifie pharmaceutical
industry in Puerto Rico empl®ad about 25,000 people in the 88
establishments in 1992.
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Table 1: Sunmary Statisti cs for the Pharmaceutical Industry
50 STATES PUERTO RICO
Value of Value of
Shipments Shipments
Number of Number of [(millions d | Employmen] Number of |(millions o | Employment
Industry | Establishments| Companies | dollars)? t Establishments| dollars)? (000's)
(000's)

SIC 2833 225 208 6,438 13 8 N/A3 N/A3
SIC 2834 691 585 50,418 123 74 11,097 22
SIC 2831 234 205 6,838 40 477 1
SIC 2836 275 193 3,974 18 1 N/A3 N/A3
Total 1,425 1,191 67,668 194 88 11,924 25

Souce:1992 @nsws of Manufacturers, Indudry Seres Drugs US Depatmentof Commerce, Bueau ofthe Gensus
1995 and 1992 EconomCenausof Outying Areas Manufcturers; Pueto Rico, US Depamentof Commece, Bueau

of the Cenaus 1994.

'Defined as abusiness aganization consisting d one establishment or more under common ownership or control.
2/alue of all prodicts aml serices sold byestablismerts inthe pharmaceticals irdustry.
3Certain census ata are nbavailalie for Puerto Rico. Information is withheld to avad disclosing chta for individual

facilities.

Figure 1: Percert of Total Value of Shipments by Sector
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Souce: 1992 U.S. éhausof Manufacturers.

Sector Notebook Project

September 1997



Pharmaceutical Industry Introduction

Figure 2: Employment in the Pharmaceutical Industry
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Souce: 1992 U.S. éhausof Manufacturers.

Asshownin Table 2, many facilities within the pharmaceutical indusaye
small. Almost 70 pecent of thefacilities enploy fewer than 50 peple
However, a relativelysmall number of larg companies account for a larg
portion of the total value of shipments, as well as enmpémyt. For example
accordingo the1992U.S. Gensus of Manufacturers, only 36 facilities (less
than three percent) empky more than 1,000 peojtethe 50 stateqi.e., not
includingPuertoRico). However, these 36 facilities accounted for over 38%
of the total value of shipments for the industity comparison,968facilities
(amost 70 percent) employ fewer than 50 p@ple However, these facilities
accounted for less than four percent of the indistrlue of shipments.
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Table 2: Pharmaceutical Industry (SIC 283) Facility Siz*
Number of Employees| Number of Facilities Percert of Total Percert of Total
Facilities (%) Value of Shipments
(%)
fewer than 10 479 34 0.6
10049 489 34 3.2
50 249 292 20 19
250 b 999 129 9.1 39
1,000 @ more 36 2.5 38?
Tota 1,425 100 100

Souce:1992 Gnausof Manuficturers, Indudry Sefes Drugs Bureau ofthe Gensus 1995.
! Does na include Ruerto Rico - information withheld to avdd disclosing chta for individual facilities.
2 Some information withheld to avdd disclasing indvidual facility data. Values ray be samewhat higher

Medicinals and BotanicalsS{C 2833)and Pharmaceutical PreparationSIC 2834)

The establishment size distributions for Piarnaceuical Preparaitons and
Medicinals and Bbtanicals are similar (see Table 3)he Pharmaceutical
Preparations sector, however, has a somewhahéigoroportion of larg
facilities. As is the case with the pharmaceuticals induasrya whole, a
relatively small number of lamg establishments account for the majooity
the total value of shipments for thh&maceutical RRparations industry
Value of shipmat dda is not aailable by establishment size for the
Medicinals and Btanicals sector.

Table 3: Employment Size Distribution for Medicinals and Botanicals and
Pharmaceuical PreparationsEstablishments?
Medicinals and Botanicals Pharmacedical Preparations
Percert of Percert of
Number Number | Percen of Value o Number of | Percert of Value d
of of Facilities Shipmernts Facilities Facilities Shipmernts
Employees| Facilities
<than10 104 46 N/A? 225 33 0.4
10 49 76 34 N/A? 211 30 2
50 © 249 35 16 N/A? 142 21 10
250 or nore 10 4 N/A? 113 16 88
Total 225 100 100 691 100 100

Souce: 1992 U.S. @nsusof Manufacturers.

! Not includng PuertoRico.

2 Information has leen vithheldto avdd disclosing indvidual estabshment chta.
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Table 4 ists the largestU.S pharnaceutcal conpanies in terms of U.S
prescription sdes.

Table 4: Top U.S. Phamaceutical Companies by Saés
Rank Company 1996 Rx Sales
(millions of dollars)
1 Glaxo Wellcome 5,803
2 Johnson & Jchnson 5,275
3 American Home Produds 5,251
4 Bristol-Myers Squbb 5,160
5 Merck & Co 5,026
6 Pfizer 4,511
7 Novartis 3,786
8 SmithKline Beeclam 3,589
9 Lilly 3,567
10 |Abbatt 3,423
11 |Sdhering-Plough 3,272
12 Hoechst MarionRoussel 2,474
13 |Roche 2,316
14 |Amgen 1,860
15 |Bayer 1,854

Souce:IMS Ameica.
[1.B.3. Geographic Distribution

TheU.S.pharmaceuticals industhas traditionallypeen concentrated in New
Jasey, Cdifornia, and New York (see kgure 3). These three states account
for about one third of the facilities, empé®s, and value of shipments.
Historically, the industryconcentrated here because these were vocational
centers. Other states, such as Massachusetts, North Carolina andidary
have seen recent gowth in the pharmaceuticals industsspeciallyin
biotechnolog and research and development.
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Figure 3: Geographic Distribution of Pharmaceutical Facilities (SIC 2833 and 2834)
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Source: 1992 U.S. éhausof Manufacturers.

A significantnumber of pharmaceutcal estblishment are a$o locaed in
Pueto Rico. Accordingto the1992 Economic Census of Outlying Areas,
which ooves staistics for Pueto Rico, thee were a totd of 88
pharmaceuticalgstablishments inUerto Rico accountindor almost $12
billion in shipments. Eighty two of these establishments were in the
Pharmaceuical Preparaitons and Mediinals and Boénicals seabrs. These
establishments accounted for 11 percent okalploymentand15 percent

of the value of shipments for these sectorBhe drivingforce behind the
pharmaceuticalsdustryconcentratingn Puerto Rico over the years are tax
incentives specificallgirected at the industry

Many U.S. firms hae facilities @road or own forggn companies in whic
both R&D and production of pharmaceuticals are conducfestordingto
PhRMA, in 1996 its member firms empleg close to 165,000 people
overseas in the production of prescription pharmaceutical3f these, about
42% were emplagd in Western Europe. The nebargest regon for overses
employment by PhRMA menba companies is Latin America and the
Caribbean, with 20 percent (IRMA, 1996). Recently a number of
pharmaceuticalompaniesremovingproduction toreland. Similarlymany
foreign owned pharmceuical firms opera¢ pharnaceuical research and
development and production facilities in the U.S.
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[1.B.4. Economic Trends and International Competition
Changes in the U.S. Health Care Industry

Duringthe earlyl990s the Unitedt8tes pharmaceutical industacedmajor
chalenges assoated wih the changhg naure of heah care delery
coupled with intense market competitiorin 1995 about 62 percent of
prescriptions were paid for binsuringthird parties, up from 39 percent in
1990. Third paties, induding managed care organizaions and Medicaid,
consider cost in choosingvhich drug are approved for reimbursement.
Techiques sut as substitutinggeneric drugs for branded drug ae adso
used.Low priced @neric drug rapidlycapture a larg share of prescripiins
oncethe originating drug’s patent epires. Likewise, intense RR rivalries
between companies now mean that new products heye major
compdition within months &er thar FDA approvd, as was thecase for three
competing protease inhibitors approved between December 1995 and April
1996. Companies have respondé to shoter produd life cycles and st
contanment pressure byforming an increasing numbe of straegic dliances

and mergng. However, a steadstream of new product introductionssha
contributed to steadndustry growth driven byan increasingzolume of
prescriptions. In 1997, research-based companies’ net sales in the United
States are projected to reach $66.1 billion, a 5.5 percent increase over 1996
(PhRMA, 1997).

Consolidation of the Pharmaceuticals Industry

Compstitive pressurs ae forcing many companies to restrudure and form
mergers and strategic alliances. Increasing compdition from both domstic
and foreign firms, as well as from theegeric drugmarket, has forced
mergers between he lkrger pharnaceuical conpanes and nd-sized
companies.ln 1989,three major mergys occurred between la&gnd mid-
sized pharmaceutical companiesn 1995, this number increased to seven.
In 1996, there were three mers.

As a result of gneric competition, some brand name firms are becoming
involved with companies tha manufacture generic drugs by purchasing
existing companies, séting up ther own generic drugventures, or forming
partnerships (PhRMA, 1996). Also, many smaller biotech and R&
companies are nerging with large pharnaceutcal conpanies. Strategic
aliances often involve domestic and foremgpharmaceutical companies,
biotechfirms, universty researctteners, government agencies such ae
Nationd Institute of Hedlth, and ntract research organizaions. Sub
mergersand alliances allow companies to draw upon each others’ research
expertise, bringproducts to market more rapiggnd moreeffectivelymarket
products once thegre approved bifDA.
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Changes in Geographical Concentrations

An increasingnumber of establishments owned UyS. companies are
locating ouside he U.S A nunber of forces are dring these changg,
including the gowing international market for pharmaceutical products,
foreign regstration requirements and patent laws, laws allowadgs only

if the products are manufactured in the courdnd taxincentives.

International Trade and Competition

The U.S. pharmaceuticals industrgccounts for about one-third of all
pharmaceutcals marketedworldwide (seeFigure 4). Themgjor U.S. trading
partners are Europe,gpan, Canada, and Meo. The largst importer of
U.S. pharmaceuticals is the European Commu(i§). In 1993, the EC
alone imported nearly50% of all U.S. egorts (ITA, 1994). Canada and
Mexico combined imported 15 percent of dl U.S. exports of pharmaceutcal
products in 1993. The North American fee Trade Ageement (NAFA),
however, has increased the volume of trade with Canada andchlex
recentyears.

Although Japan still remains one of the lagt importers of U.S.
pharmaceuicals, Jpanese pharateutcal conpanes have beemivesing
heavilyin their own R&D, therebyreducingJapan’s import share of U.S.
exportsin recentyears.

In 1993, European andghnese pharmaceutical companies accounteti/for
percent and 22 percentof al pharmaceuicals marketed worbwide,
respectively (PhRMA, 1996).China and the countries of the former Soviet
Union are patnially large markets for U.S pharnaceuicals. However,
Chinais also increasingts production of pharmaceuticals and the former
countriesof the Soviet Union pose some major chalenfpr U.S. producers
in terms of testing and licensing regulations (hternational Trade
Administration, 1994).

Magor issues dffecting the internaiond compditiveness of U.S.
pharnmaceuical firms include prce contols and ntellecual property
protection abroad.Other trade barriers include foraigricingsystems that
favor locally produced pharmaceuticals, discriminatorggstration
requirenents, and regquirements tha foreign compaiies enter into joint
ventures with domestic firms.
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Figure 4. World Sales of Pharmaceuticals, 1995
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Souce: Phamacetitcal Regarch and Manufacturers of Ameica, 1997
basd on da provided by IM5 Ameica, 1996.
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Page 16 intentionallyleft blank.
lll. INDUSTRIAL P ROCESS DESCRIFTION

This section describes the major industrial processes within the
pharmaceutical industrincludingthe materials anequipmentusedandthe
processesmployed. The sectionis designed for thoe interested in ganing
agenea undestandingof theindugry, and for hose intereded in the inter-
relationship between the industrial process and the topics described in
subsequent sections of this profile -- pollutant outputs, pollution prevention
opportunities, and Federal regulations. This setion does not dtempt to
replicate published emgeeringinformation that is available fdinis industry

Refer to Secion IX for a st of reference docuent thatare avdieble.

This sectionspecificallycontainsa description of commonlysed production
processes, assodcited raw naterials, and he naterials ether recgled or
transferred off-site This discussion, coupled with schematic drawioigthe
identifiedprocessegrovidesa description of where wastes nis/produced

in the processA more in-depth description of the major wastes produced by
pharmaceutical manufacturimgn be found in &tionlil. B.

Additionally, it is important to understand the végory frameworkin which
pharmaceutical products are manufactuiealprotecthepublicfrom unsafe
or ineffective pharmaceutical products, Coegs established a strizng
regulatory system to control the research and developmentmanufacturend
marketing of pharmaceutical products. The USood and Drug
Administration (;DA) was delegted the responsibilitior: (i) evaluatirg the
sdety and efficacyof new drug; (ii) deermining if the benetss of the drug
outweagh the risks and warant goprovd for sde; and (iii) reviewing
toxicologcal performance of adve pharnaceuical ingredients. For nost
new pharmaceutical compounds, FDA ovdisipegns soon after the
discoveryof the compound.

[II.A. Indust rial Processes in the Pharmaceutical Industry

The production of pharmaceutical products can be broken down into three
main stages. 1) research and development; 2) the conversion @hargnd
naural subséncesnto bulk pharnaceuical subsénces ormgredients through
fermentation, ewaction, and/or chemical sthesis; and 3) the formulation

of the final pharmaceutical product.

llILA.1. Research and Development

Newdrugdevelopmeninvolves four principal phase®re-Clinical Research
andDevelopmentClinical Research and Development; Review of New Drug
Application; and Post Ma&eting Survellance. PreClinical Research and
Development begs after a promisingompound has been discovered and
isolated in the laboratory In this phase, the compound is subjected to
extensive laboratory and animal teststo determine whether the compound is
biologicaly active and sde. The average timeto complee this phaeis six
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years.

After conpleting the Re-Qinical Research and Devepment and before
testing the drugin humans, an application is filed witlbA known as an
InvestigationalNew Drug Application(IND). The application must show the
results of thepreclinical testingand deail the plans for huma dlinical tests.

It must also contain information about the chemical structure of the
compound and a epgeral description as to how the compound is
manufactured.

Clinical Research and Development ipitally conducted in three phases,
with each phase involvingrogessivelymore peopleThe first phase, which
typically lasts about aear, is aimed at establishitige dru¢gs safetyand
involves a small number of healtkglunteers. The second phase, whic
lasts about twoears, helps the scientists deterntimedrug s effectiveness.

In the third phase, the druig used in clinics and hospitals, and scientists
mustconfirm theresults of erlier tests ad identify any adversereactions.
Altogetherthe threephase®f Clinical Research and Devabmenttake about

six years.

In the first phase of Clinical Research and Development, a small amount of
the compound is manufactured in a pilot plant for use in the clinical trials.
This batch of compound is called Clinical Trial Material (CTMAL this

time, the manufacturingteps of the compound are also optimized and
improved. Duringthis phase atention to wateminimizaion consideations

is most #ective.

After Clinical Research and Development is omplded, thecompany files,
with the FDA, a New Drud\pplication (NDA) containingcomprehensive
dataabout the compoundl'he NDA must include data to demonstrate that
the drugis safe and effective for use under the conditions described in its
labeling FDA regilations require that the NDA contain specific alatailed
information on: the components and composition of the;dhemethods
and controls used in the manufacturingrocessingand packaigg of the
drug, and, dda from dl pre-clinical and clinicalinvegigatons In 1993,the
median total approval time for NDAs was 21 month$his has been
significantly reduced and in 1996, the median total approval time for NDAs
was 15 months.

Each step in the manufacturingprocess, and the identiéaynd qualityof each
ingredient used in the process, must be specified iNE¥% andapproved
by the FDA. Once the NDA is approved, certain chemgannot be made
withoutthe filing and gprova by the FDA of a supplenentd application,
known as arsNDA. The level of reportinglepends on thepg of chang
and may require substantial investment of resources to implem&tA
approval mayake severalgars to obtain dependiran the nature of the
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changg, and sora chan@s even reque new dlnical studies.

Based on data from a 1995 studpy the Center for the Studgf Drug
Development at Tufts Unwversty, a pharmaceuical Research and
Development (R&D) facility dismvering and developing a nev medicind
agent will evaluate appromately 5,000 to 10,000 compoundébout 250
of these subahces nay hold therapeut promse and erdr precinical
testing. However, onlyabout five will @ on to limited human clini¢a
testing Subsequently only one, after 15.3 sars of research and
development, will be introduced commerciallg a new drugPhRMA,
1997).

Basic research is responsible for identify and isolatingor synthesizng
each new chemical entitiiat will beevaluatedor its potentialtherapeutic
effectivenessOnce a lead compound habidentified and characterized,
some 1,000 related chemical substances will imth@sized and studied by
laboraory assg systans. These assy systans ae designed to identity which
compounds eibit the nostspeciic and pagntbiological effect For each
compound tested,aperally some 5-10 separate chemical reactions will be
needed to synthesiz the compound.The results of biolagal testingwill
then giide the direction of subsequennh#yetic operationslf theresults ae
unsaitsfactory, then he process atts anew.

Shoulda substance show promise in the laboratmsay, limited anima
studies are stated. If thee is no a&tivity in the animd, othe rdated
compounds will beevaluaed or theprogam will be disontinued. Once
biologcally active substances are identified, theyl underg furthe
chemcal modification  refine heir efficacyand safet.

Once an active candidate has been identified, it will be proposed for formal
development Pharnmaceuical devebpment includes he evaliaion of
synthetic methods on a lagy scale and the assessment of variouswhy
formulating the drugto provideoptimum dévery. Up to this point, only
small amounts have beenrghesized for evaluationMore will be neede

for the extensive animal testing required byFDA. Even largr amounts will

be required for the etensive clinical studies in humans required before
federal approval.

[1I.LA.2. Production of Bulk Pharmaceutical Substanes

Bulk pharnmaceuical subsénces ypicaly consst of stucturally conplex
organic chemical compounds which are manufactured via a series of
intermediate stgps and reactions unde precise condtions. These substances
are used in the manufacure of the dosag form of a fornulated
pharmaceutical product and are manufactured@l)ychemical gnthesis; (2)
fermentation; (3) isolation/recoveryfrom natural sources, or (4) a
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combination of these processeBxamples of different driggproduced by
each of hese processes are presdn Tabk 5.

Table 5: Exanples of Pharmaceutical R oducts by Bulk Manufacturing

Process

Chenical Synthesis Natural Roduct Extractio Fermentation
Antibiotics Antineqolastic Agents Antibiotics
Antihistanines Enzymes andDigestive Ads Antinegplastic Agents
Cardovascular Ajents CNS Depessants Theraputic Nutrients
Central Nervos System(CNS) | Hemetological Agents Vitamins

Stimularts Insulin Steroids
CNS Depressdn Vaccires
Hormones
Vitamins

Most pharmaceutical substances are manufactured ingjlizbatch”
processes. In a batch process, a particular substance or “intermediate”
manufacured n a “canpaign” for periods rangng from a few dag to several
months until suffieent material is manufactured to saisfy theprojected sales
demand. At the end ofthemanufacturing campaign, anothe phamacetical
intermediate or substace is male The sane equipment with potentially
different configirations and the same operatpgrsonnel are often usea
make a different intermediate or substance, utilizing different raw maerials,
executingdifferent processes, andrgeratingdifferent waste streams.

When the same equipment is used for mastufeng different intermediates
and/or different bulk substances, the equipment is thdnbugleaned and
validated prior to its reuseWhere cleanin@f a specific tpe of equipment
is difficult or where a sufficient volume of a certain intermediate or bulk
subsénceis made everyyear, he equomentmay be dedtaed D the bath
manufacturing of a particular intermediate or bulk substan®®here the
equipment is dedicated to the production of successive baittiessame
intermediate or bulk substance, the equipment nmay be washed and
cleared baween bdaches. Instead, the cleaning sthedule will depend on
whether here & a poenia for carrpver of conamnans or degaded
materials that could affect the final product.

The specific methods and materials (¢\gater, steam, detezgts, and/or
organic solvents) used to clean theequipment are basal on theability of the

cleaning proess to renove residues of rav maerials, intemediates,

precursors, degdation products, and isomer®{, 1996).

An intermediate is a @erial prodeed duing a manufactuing process tat nust undergo further molecuar

charge or processig before it becores a bik pharmacetical sibstarce.
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Rawv materials ae checked for ther identity and qudity beore usein the
manufacturing processes. Additionally, in-process testing, as well as qudity
assurace/qudity control (QA/QC) testingin onsitelabordories, is peformed
duringdrugproduct manufacturindgn-process testingayinclude simplepH
measirements or diecks on olor, while QA/QC testing typicaly includes
more sophisti@ted analyses such aschromatography “Upon conpletion of

the manufacturing operation, batch-production records are checked by
competenandresponsible personnel for actuadlg aginst theoreticaligld

of abath and b ensureliateach gp has been perfoed and sined for”
(McGraw Hill Encyclopedia of Technolog.

Chemical Synthesis

Most of the compoundsusel today aspharnaceuical producs are prepared
by chemical sgithesis, gnerally by a batch process (&tthey 1992).
Cardiovascular agents, central nervoussgm agnts, vitamins, antibiotics,
and antihistamines are yst a few exanples of he buk pharmaceuical
substances made Hyis process.

The manufacture of pharmaceutical compounds ushegnical sgthesis
involves acomplex series of processes induding many intermediate stages
and chemical reactions performed in a stegstep fashion.Dependingon

the process, the operator (or a pragimed computer) adds reags,
increases or decreases the flow rate of chilled waer or steam, and stats and

stopspunps b draw he reaadr conents into anoher vessel At other sages
in the proess, solutions mabe pumpeal throudn filters or @ntrifuges,

recycled within theproaess, or pumpeto recycling or disposhfacilities. Co-
products,sud as salts, may be sold for reuse. Spent acids metals, and

catalysts maybe recovered and reused onsite or sold for reuse.

The materia from each inteemediate stgp may beisolaed and transfared to
thenex stepof theprocesgor continued processingntil the final compound
is derived. These steps madye all conducted at the same manufactusitey
or if the intermediate is isolded, it may be transfared to anothe site for
further processing

It is impossible to provide a siteyprocess flow diagm for this industry
sinceeachbulk pharmaceutcal subsénce is different in its manufacture and
several intermediates mg be produ@d in astg-wisefashion prior to the
manufacture of he final acive ingredient. However, an eaxnmple chenncal
synthesis process has been providediggré& 5to show the equipment used
and where wastes or emissions imige generated.
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Figure 5: Simplified Process FlowDiagram for Chemical Synthesis
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Reactors

The most common fye of reactor vessel is the kettlgpdyreactor. These
reacbors ypicaly range in capady from 50to several thousand glons. The
vessels are made of either stainless stedlassgdined carbon steel.

A diagram of a typical reacor vessels shown n Figure 6. “Reacbrs are
equipped to providearange of capabilities tha may berequired duringthe
batch reacton sep. This equpment may include:a jacketfor heaing and
cooling hookups for chaigg raw materials and for dischamg the conents
of the reacta, an agitation and recycle line for mixing, control systems for
temperature and pressure, a condensstesy for controllingzent losses, a
return line for refluing condensables, a steam ejectonvamuumopeaation,
a nitrogen supplyfor paddingand purgng the reactor, and a manwéyr
taking sanples and addlig sold catlysts, reacants, and ohersolid materials
to the reactor” (UBPA 1993).
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Figure 6: Typical Design of a Kettle-Type Batch Reactor
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1993.

Raw materials or ingedients, includingsolvents, used to produce the
intermediate or buk subsénces are chaeg into the reaatr vessel Liquid
ingredients are drawn into the reacor either bypunping or through vacuum
from drums and storagtanks. Solids maybe chargd manuallyor via
mechancal means such a&itough a vacuunsystem

Once he reaadr vessed are charegd with the raw naterials, the readion tekes
place. “The reactor can be operated at atmospheric pressure, dlevate
pressure, or under vacuumecause of theifitexibility , reactoranaybeused

in a variety of ways. Besdes hoshg chemcal reactons, hey can actas
mixers, heters, holdingtanks, cystalizers, and evaporaors.” (USEPA
1979) Typica reactions performed include al&gions, hylrogenations,
brominations, et. Tenperatre, pressure, andhé degee of nixing are
carefully monitored to achieve the desired product and to ensure worke
safety
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Reacbrs ae often atached to pocess ondenses to ecover solvents rom
proces®perations.Theyare also often attached to other air pollution control
devicesto remove volatile orgnics or other compounds from ventesbes.
Depending on he readbn beng carried out a reaacdr may also be aached

to adistillation column for solvat seaation and recovery.

Separation

Several separabn mechansms are employed bythe pharnaceutcal industry
including extraction, decanting centrifugtion, and filtration. These
mechanisms mg be employed jointly or individudly, in multiple stages, to
searate theintermediate or bulk substace from thereacton solution ard to
remove impurities. Crystallization is aaothe common tehniqueusel to
separate the desired ective ingredient or intemediate from the reaction
mixture. Because citallization is widelyused in conjunction with other
separation techniques, it is presented separdt@m the other separation
techniques shown inigure 5 and discussed below.

Extraction. Extraction is usé to s@aate liquid mixtures by taking
advantage of differences in the solubiligf the mixure components. A
solvent that preferentiallcombines with onlyone of the components is
added to the mixture “The resulting mixture consists of a extract
(contining the preferenialy combined material) and araffinae (containing
theresidua phase). Exacion may take plce n an agtated reacton vessel
(mixer-sdtler), in avertical cylinder (whee the solvent flows upwad or
downward through theliquid mixture), or in acolumn with intends to
mechantcaly enhancehe contactbetveen hetwo liquid phases’ (Crume et
al., 1992).

Decaning. Decaning is a smple process usemtsepara mixtures of a
liquid andinsolublesolid that has settled to the bottom of a reactor or settling
vessel. The liquid over the solid is either pumped out of the vessel orgoure
from the vessel leavinbgehind the insoluble solid and a certain amount of
liquid.

Centrifucgtion. “Centrifuges are used to remove the intermediateor product
solids from a liquid stream” (USEPA 1979). Centriéggagwork on the
principle of centifugal force, n which an outvard force $ exerted on a
rotating object. Centrifuges are cylinders with rotaing baskes within them.
Thesides of thebaske are peforated and wvered with filter medium sud
aswoven fabric or meal. As thebaskd rotaes, aslurrysolution is fel into
the centifuge via an nlet pipe. The centifugal force pusheshe surry
against therotaing baske, forang theliquid to pas throuf theperforations,
and the solids or filter cake to remain behind, accumulatimgthe sides of
the basket “Aft erall of the slurry hasbeenfedto the chanber, a washiduid
may be introduced to force theremaning slurryliquid throudh thecake and
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filter medium”(USEPA1993). Once he cerrifuge is turned of, the ®lids
(i.e., theintermediate®r the final bulk substancearescrapeff the sides
with an internal scraper or manualscooped out.A diagam of a tpicd
basket centrifug is shown in Fgure 7.

Figure 7: Cross-Setion of Typical Top-Susp@ded Centrifugal Filter
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Source: Adapted from Control of Volatile Organic Conpound Enssionsfrom Batc Processes, EPA Quidéine Seies, 1993.

The extremely high speeds and frictional forces involved in centiirfigg
combined with the potentia build-up of @mbustiblesolvent vgoors, ceate
apotential for an explosiveenvironment to develop within thecentrifuge. To
control this, an inert gs, usuallynitrogen, maybe introduced into the unit
beforethe durry isfed in. “Centrifuges must be carefullgperated to avoid

air infiltration by vortex entranment. Therefore, they usudly are opeated
under nitrogen blanket and kept sealed under operation” (USEPA 1993).
VOC emissions mayoccur when putigg the vessel before loadirend
unloading(USEPA, 1993).

Filtration. Filtration is the separation of a fluid-solids rire involving
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passage of most of thefluid throudh a porous beier (the filter medium)
which retains most of the solid particulates containedemixture (Perry’s
1984). In the phamaceutical industry“filtration is used to remove solids
from a liquid, whether these solids be product, process intermediates,
catalysts or carbon particulates (e.fyom a decoloringtep)” (USEPAL979).
Batch filtr ation systems widely used bythe pharmaceutcal industy are he
plate-and-frame filter, cartridgfilters, the nutsche filter, and combination
filter/dryers.

“Thenormafiltration proedureis simplyto force or drav the mothe liquor
through a filtering medium. Bllowing filtration, the retained solids ar
removed’” (USEPA, 1979). The wet cake mthen @ throudn a reslurry
proass whee it is washel and filtered again. “T hisoptionisusudly carried
out when a highly specialied product requirindnigh purity is desired or
when solveats wee not renoved & pat of the origina slurry filtration
(USEPA, 1993).

Crystallization

After the readon tekes phce, be intermediate or final bulk subsénce(which

is usudly in solid form) @n be searated from thereaction solution by
crystallization. Crystallization is one of the most common separation
techniques and is often used alone or in combination with one ororfribie
separation techniques described abowve chystallization, a supersaturate
solution is created in which cgals of the desired compound are formed.
Supersaturation depends on the solubitifythe desired compound. the
compound’s solubility increases with tempeaature, supesduraion can be
achieved bycooling the solution. fl the solubilityis independent of or
decreaes with tanpeaature, then evaporaing a portion of thesolvent will
create supersaturation. f'lneither coolingnor evaporation is desirable
supersaturation maybe induced byaddinga third component. The third
component forms amix with the origina solvent in which the soluteis
considerably less soluble” (USEPA 1979).flcrystallization is done throuyg
cooling of asolution thee will be relatively little VOC emssions egecilly

if theequipments fully enclosed. “However, when d&gllization is done by
solvent evaporation in a vacuum environment, thergrsater potential for
emissions” (USEPA 1993). tther separation of the a&gls from the
supersaturated solution can be donedytrifugng or filtration.

Puri fication

Onetheintermediate or thebulk subsance tas been sparated, it may need

to bepurified. Dependingon the intermediate or the bulk substance produced,
theremaybeseverapurificationsteps involved to produce the desired active
ingredient. In vitamin production, for eample, there are at least three to four
purification steps. Purification pycally is achieved throug additional
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separatiorstepssuchasthosedescribed abovePurification is often achieved
throudh recngtallization. Washingvith additional solvents and filtrationay
also be used.

Drying

The final siep n the chenical synthess process idrying of theintermediate
or final bulk substanceDryingis done byevaporatingte solvents from the
solids. Solvents released from ding operations malge condensedor reuse
or disposal (USEPA 1993).

There are severatlifferent types of drgrs used bythe pharmaceuical
industry including tray dryers, rotarydryers, drum or tumble dgys, or
pressurefilter dryers. “The sdection of thedryer type dgpends primaily on
the characteristics of the solid” (USEPA 1993).

Prior to 1980, probably themostconmon type of drner used bythe ndugry
was the vacuum tray dryer. In avacuum tra dryer, “the filtered solid is
placedon trays which are then maudly stacked on slelves in the diyer.
When the dryer is closed, he rays are head b renove anyliquids. A
vacuumis appled within the drer so hatdrying can tke place atlower
temperatures when needed” (USEPA, 1993).

More often today, tumbledryers or combinaion filter/dryers ae usal. In a
combination filter/dryer “the equipment not only acts as a filter, but can also
functionasa productdryer after the durry has been compressed and filtered
into cake form. Heat is introdue@d to thefilter/dryer throudh a hot gaseous
medium whid is blown up throug thecake until thedesired level of dryness
is achieved” (USEPA 1993). VOC emissions magcur since theag will
entrain evaporaed solvent which must bevented from thedrying filter/dryer.

Tumble drers consist of revolvingonical shells rangg in capacityfrom 20
to 100gallons. “Therotaion of the dryer tumbles theprodud to enhance
solventevaporation and maglso perform a blendinfunction” (USEPA
1979). These drgrs maybe operated under a vacuum or usihag air
circulation. When operated under a vacuum, heat is supplied throug
conduction from heated surfaceome ar will pass throud theequipment
due to inward leakage. Thus, thevacuum ehaust will contan VOCs
(USEPA, 1993).A diagram of a simple tumble deyis shown in kgure 8.
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Figure 8: Cross-Section of Tpical Tumble Dryer
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Source: Adapted from Control of Volatile Organic Conpound Enssionsfrom Batch Processes, EPA Quideline Series, 1993.

Natural and Biological Product Extraction

Natural product eéxaction, as the name egts, involves isolatingn active
ingredient from ndurd soures, sud & plants, roots, pasitic fung or
animal gands. This process is often used to produce ajieefief medicines,
insulin, morphine, anitcancer drug, or oher pharmaceutcals with unique
properties. Blood fractionation, used to produce plasma, is also part of the
naura produd extraction proces (USEPA 1995). A simplified diagramof
natural product exaction processes and its associated wastes, is shown in
Figure 9.

The desired ective ingredient, usudly present in rav materials & very low
concentrationgnustbeextracted for the final productTherefore, a defining
characteristic of this process is that the volume of finished product is often
anorde of magnitudesmadler than tha of theraw maerials usel. At each

step in the exraction process, the volume of material beprgcessed is
reduced sigificantly. This inheent naure of the proess m&es it an
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expensive one to utilize (USEPA 1995).

Figure 9: Simplified Process FlowDiagram for Natural/Biological Extraction
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Becauseof the larg¢ volume reductions involved, an asseribig
processingmethod, consistingof several opaaton sationsisused At each
subsequent operation station, a little more of the inert material is resmove
and the active ingredient is etracted. As the volume of maerial bang

processed decreaseletsze of the condiners carryng the neterial also

decreases, from containers capable of ¢agy5-100 gllons to, in some
cases, laboratorsize equipment (USEPA 1995).

Active ingedients are recovered Ipyecipitation, purification and solvent
extractionmethods.In precipitation solubility is changd by pH adjustment,
salt formation, or addition of an anti-solveisolvents are used astracive
agents to remove the acitve ingredient from the raw naterials, such as pht
and animal tissues. Solvents ae adso usd to ranovefats and oils, which may
contaminateéhe product(USEPA1995) Such solvents remove thefats and
oils, without damagng the essential active ingdient(s) found in the va
materials. Ammonia is also used in the texction stags as a method of
controlling the pH when extracting from animd and plat soures.
Ammonium salts are used as buffergigemicals, and aqueousamhydrous
ammoniais use as an dkalizing agent. The high degree of solubility of
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ammonium salts prevents unwanted precipitatigiso, ammonium salts
have the advantagof not reactingvith arimal and/or plant tissues (USEPA
1995).
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Fermentation

Most steroids, antibiotics, and certain food additives (such as vitaanas)
commonlyknown phamaceuicals which are produced bigrmenttion. In
fermentation, microomnisms (e.g bacteria, gast or fung are typically
inoculated in aliquid broth supplemented with nutrients that are acclimated
to an environment (e.gtemperature, pH, ggen), conducive to rapid
growth). These microorgnisms produce the desired product.(eagtibiotic
steroid, vitamin, etc.) as a byroduct of normal metabolisnfermentation
involves three main steps: 1) inoculum and seed preparatiemrntation,
and3) productrecovery A diagam of a fermentation process and the wastes
produced in this process is shown igufe 10.

Figure 10: Simplified Process FlowDiagram for the Fermentation Process
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Sector Notebook Project 31 September 1997



Pharmaceutical Industry Industrial Process Desaiption

SeedPreparation

The fermentation process leg with the introduction of the microbial atn

to aprimaryseedermentation, which is commonperformed usinghaking

flask culture techniques at the laboratsecgle. Once grown, the sugpenson

is then transferred to further seed stagwhich maybe additional flask
fermentationsstirred tanks or bothThe purpose of this “seed-train” is to
generate enoudh inoculum for the produabn fermenbr (typically 1-10% of

the production tank volume)Generally special seed tanks are used for the
fermentor inoculum which are miniature versions (1-10% of) s the
production fermentor.f a seed tank becomes contaminated, it is emptied,
stailized, and reanoculated.

Fermentation

Ona the fermentor inoawlum is redy, it is dhaged into a steilized
fermentor. During fermentation, the fermentor is usuabyjtated and
aerated. The pH, temperature, and dissolvedygen content of the
fermentation broth maye monitored durinfermentation.Fermentatiormay
lastfrom hoursto weeks, dpending onthe process. A fermentor “broth” is
producd, which is then filtered or entrifuged to s@arate out thesolids
(USEPA 1991).

Product Recovery

Filtration removes ary larger resdues from the lroth, butit does notisolate
the active ingedient from the residuesThis must be done bgrodud
recovery processesProduct recoverys achievable througthree different
methods solvent extraction, direct precipitation and ion echange, or
adsorption (USEPA 1995). Sometimes, the active material is contdine
within the cls of the microorganism. Cdl wall breakage by heat or
ultrasound, for eemple, maybe required to recover the material.

In solvent extraction the ective ingredient is renoved from theagueous broth
by contactingt with an or@nic solvent, in which the produstmoresoluble
than it is in wder. Removd of the active agent from thesolvent can be
achieved byrystallization (USEPA 1995).

The direct precipitation method of product recovamplves precipitatio of
the acive ingredient, s a meal sdt from the broth using for example,
copper (Cu) and/oniac (Zn) as precipitatinggents. The actuathoiceof the
precipitatingagent depends on the properties of the desired activediegt
The broth is then filtered and the produatisoveredrom thesolid residus
(USEPA 1991).

Additionally, ion exchange or adsorption make used for product recovery
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lon exchang resin (or alternativelyactivated carbon) is contacted with the
broth and theprodud adsoibs onto thaesin. Theproductis recoveredrom
the resin by usinga solvent or byvashingthe resin with an acidic or basic
solution. It is then crgtallized.

l1I.LA.3. Formulation, Mixing, and Conpounding

“The primary objective of mixng, compoundingor formulatingoperations

are to convert the manufactured bulk substances into a final, usable form.
(USEPA 1995) Figure 11 shows a simplified process flow dag for
compounding formulation and packa@mg. Common dosag forms of
pharmaceutical products include tablets, capsules, liquids, creams and
ointments, aswell as aerosols, patches and injectable desagable 6 lists
common pharnaceuical dosag fornms and lheir uses.

Figure 11: Sinplified Process FlowDiagram for Compounding and Formulating
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As with thebulk manufacturingpperations, manfnal products are produced
in batch utilizing a campaig regmen. At the end of the production
campaiq, anothemproductmaybeformulated and packaged usng the same
equipmentind the same personnédditionally, formulation and packaug

is performed in accordance with 6@d manufacturingractices” (GMRP.
GMPisregulated bythe FDA and sets forth the minimum methods to beluse
in, and thefacilitie s and wntrols to beusa for the manufacture, procesing,
packing, or holding of a drugto assure that such drugeets the safety
requirenents and thequdity and purity characteristics thd it purports or is
represented to possess.

Following formulation, the finished product mbg packagd at the samste

or it maybe transferred to another sifeackaging indudes plcing thefind
formulated products into containers, labeliramd preparindor shipping
“The packaging componentsof a phamaceutcal productare via to its safe
andeffectiveuse. Besides servinghe patient as a convenient unit of use, the
composite packag(unit container, labelingnd shippinggomponerd) mus
provide appropriate identification and necessafgrmation for proper use
including warnings and (pre)cautions and preservation of the product’s
chemical and plsical integity” (Kirk-Othmer, 1994).

Batch production records are used and describe each manufastepng
detail. At various stags in the formulation and packag process, quality
control checks ae utilized. All raw maerials ae checked prior to usan a
process and the final dosag forms require a mmad of tests to assure
therapeutic bendfit. For example, thecontent uniformity, color, homogneity,
dissolution stability, identity, andpotencyof the product must be determihe
and meetstated ran@s. Represendtive sanples are cdecked atthe end of
the formulation stage and submitte to thechemical and/or migobiologcal
laboravbries for final assayng. Represerdtive sanples are ao colecied
during packaging opeations. Thequdity control unit of thephamacetical
manufacturingcompanyhas the responsibilitgnd authorityto approve or
reject al raw maerials, in-pro@ss maerials, pakaging maerials induding
containers, closures, and labelimgterials, as well as the final product.

The equipment used to formulate and paektmg final product is cleaned,
maintained, and sanitized a gppropride intervals. Actud mantenance and
cleaning schedules and results are document&s.described under bulk
manufacturing the methods, equipment, and materials used, (evgter
wash, steam deergents, organic solents) to clean he equbment are
specified on a per product basis.
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Table 6: Pharmaceutical Dosage 6rms

Dosage Constitu ents, properties Uses
Form
Sdids
powders, comminuted or blended, disolved or mixed with water externd, internal
bulk
effervescen CO,-releasng base ngredents oral
insufflation inaufflator propés medicated powder into bodycavity body cavities
lyophilized reconditution by phamacist of ungable produds various uses including
paenteral and ol
capsules small-dosebulk powder enclosal in gelatin shdl, active ingredient plus internd
diluent

troches, prepared by piping and autting or dik candy technology; compounde with  slow dissolution in mouth
lozerges glycerayelatn
compressed dissdved or mixedwith water; greatvariety of shapes a formulations oral ard external
tablets
pelets for prolonged action implantaion
coatedtablets  coating protecive, slow release oral

Liguid Sdutions

Syrups sweetrer, sdvert, medicinal agen flavoring agen, medicina
spirits acohol, weter, volatile subgances flavor or medicind
collodions pyroxylin in ether, medicind agent (castor oil, camphor) externd for corns and
bunions
paenteral sterile, pyrogen-free, isotonic, pH close to tha of blood; oilyor equeous intravenous intramuscular,
solutions solution subautaneous injestion
ophthdmic sterile, isotonic pH close to tha of tears; viscodty builder eye treatment
nasal aquepus isotonic, pH close to tha of nasal fluids sprays or drops no<e treatment
mouthwash, agueous antiseptic refreshment, short term
gargles bacteria control
inhalations administeredwith mechanical devices medicaton of trachea @
bronchioles

Liguid Dispersions

suspensions powder suspended in weter, acohol, dycol, or an oil oral dosng, skin application
emulsions, oil-in-water or water-in-oil oral, externd or injection
lotions

Semisolid and plagic dispersions

ointments hydrocarbon (ily), adsorptive weter-washable, or weter-soluble bases; external
emulsifying agetts, glycols, medicaing agemn

pastes and ointments with high dispesed solids ad wexes, respectively externd

ceraes

suppostories  theobroma oil, glycinerated gelatin, or polyethylene glycol base plus insertion into bodycavity
medicinal agett

Souce: Adaped fom Zanowaik, P., 1995, Pharmaceuitcals’ in Kirk-Othmer Encyclopedia of Bemical Technology,
vol. 18, 4th edtion.
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Tablets

Tablets account for the majoritpf solid medications taken orally the
United States.“Tablets can be made to achieve rapid dreigase or to
produce delagd, repeated or proloeg therapeutic action” (Kirk-Othmer,
1994). Tablets can be compressed or molded, andbeaypated.

To prepare atablet, the active pharnaceutcal ingredient is conbined wih a
filler, sud as sugr or stach, and abinde, sud as corn syrup or stach. The
filler is added to exsuretha the active ingredient is diluted to theprope
concentration. A binder is needed to bind tablet particlesettugy. A
lubricant, such as rmgnesum sterak or poyethylene dycol, may be added
to facilitate equipment operation, or to slow disimagpn or dissolution of
the active ingredient.

Tabletsare produced bgompression of powder blends sagulations.In
direct compression, the ireglients are blended and then compressed iato th
final tabletwithout modifyng the phgical nature of the material itselfThe
most widely used and mostegeral method of tablet preparation is the wet-
granulation method” (Remirtign, 1995). In wet ganulation, the active
ingredient is powdeed and mixed with thefiller. This mixtureis then wetted
andblendedwith thebinder,forminga solution.Coarse ganules form which
are mixed with lubricans such as ragnesum stearaé and lhen conpressed
into tablets. Slugging or drygranulation is used when tablet redients are
sensitive to moisture or temperatures assodated with drying or when the
tablet ingedients have sufficient inherent binding cohesive properties.
Dry granulation includes welang, mixing, slugging, dry screening
lubrication, and compressionSlugging requires larg heavypresses to
compress larmgy tablets, between 20-36agns in veight. These large tablets
arethengroundandscreened to a desired mesh size then recompressed into
final tablets (USEPA, 1991).

Coating maybe usedto offer protectionfrom moisture, oxgen, or lidht, to
mask unpleasant taste or appearance, and to impart distinctive colors to
facilitate patientrecogition. “Enteric coatingsare wsed b dday the Elea®

of the active ingedient in the stomach and prolaihgrapeutic activity The
latter are used for drigythat are unsible o gastric pH or engmes, cause
nausea and vomitingr irritation to the stomach, or should be present ih hig
concentrationsin the intestines” (Kirk-Othmer, 1994Coatingis done in a
rotary drum. The coatingsolution is poured onto the tabletén many
operations, agueous coating solutions are now used instead of solvent based
(usudly mehylene chloride) solutions. As the drum rotaes, thetablets
become coated. Once coated, thegre dried in the drum and mbg sent to
anothermrotary drum for polishing Polishingworks bythe friction creaté
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when the tablets rotte and rub aginsteach dter. Un-coaed tablets may
also be polished.

Once the tablets pass quéity control requirements, thg may behdd or sent
direcly to packagng. Coakd tblets are sanped wih identfying
information (e.g brand name, code number) in a rotakypress.

Capsules

After tablets, the nost common sold oral dosag form is the capsu.
Capsules comein soft and had shdled vaieties. Hard capsules or “dry-
filled” capsules ae formed by dippingmeta pins into asolution of glatin of
aspeciic temperatre. Thetemperature controls the viscodty of the gdatin
and hence the thickness of the capsule walihen the pins are remade
from the solution, a hard coatingf gelatin forms on the pinsThe coating
is driedandtrimmed. “These capsules are filled bytroducingthe powderd
material into the longr end or bodwand the capsule andethslipping onthe
cap.” (Remingpn, 1995)

Soft shelled capsules are formed placingtwo continuous gatin films
between rotarglie plates.As the plates are brohgtogether,thetwo gdatin

films join end sal, formingthetwo hdves of thecapsule As thetwo hdves

join, the ingedients, which can be a liquid, paste or powder, are injected into
the capsules. “Commaercially filled soft gglatin capsules omein a wide
choice of sies and shapes: thayay be round, oval, oblongtube or
suppositoryshaped” (Remintgpn).

Liquid Dosage

In formulating a liquid product, the irmgdients are first welged and then
dissolved in an appropriate liquidhe solutonsare mixed in glass-lined or
stainless steel vessels, after which tlaeg stored in tanks before final
packagng. Preservatves nay be addedd preventmold and bacdria
growth. If the liquid will be used fanjectionor ophthalmicuse sterilization
is required. In this case, lte conainer, whch has ao been prewausly
stailized/depyrogenated, is filled with liquid which has etherbeenrerdered
staile by aseptic filtration in asteile environment and/ortheentire contaner
and its ontents ae termindly hedt steailized in an autodave.

Ointments and Creams
Ointments are usuallynade byblendingthe bulk active ingedient with a

base, such as a petroleum derivative or.wBle mixure is cooled, rolle
out, and poured into tubes machines and packad (USEPA, 1991).
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Creams are semisolid emulsions and are either oil-in-water or water-in-oil,
rather than beng peroleum baed. “Geneally, theingredients of thetwo
phases are hest separaty, then are nxed and stred vigorously to achieve
emulsification” (Kirk-Othmer, 1994).

As with all otherdosa@ forms, equipmenis washedand cleaned based on
batch record requements. However, because ohé¢ geasynaure of
ointment and cream production, cleanaften is done with deteegts.
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[11.B. Raw Material Inputs and Rollutant Outputs

Pharmaceutcal batth processes use nenous raw reterials and gnerate
wastes and emissionki general, the waste and emissioragyded depend

on the raw materials and equipment used, as well as the manufacturing
procesemployed. In desiging bulk manufacturingprocesses, consideration

is gven to theavailability of thestating materials and their toxicity, aswell

as the wastes (e,gnother liquors, filter residues, and otheipogducts) and

the emissions generated.A description of some of the considerationgeq

is provided in Section V, Pollution Prevention Opportunities.

When buk manufactring reactons are coplete, the solents are phgicdly
separatedrom theresultingproduct. Due D puiity concens, solverts often
are not reused n a pharmaceuical process. They may be soll for non-
pharnaceuical uses, used for fublendng operaitons, recgled,or destoyed
through incineration.

This secton descties he raw naterials and assoated wase steans and
some of the more common technoésgused to condl these wastes. Much
of this informdion is summazed in Teble 7.

Sector Notebook Project 39 September 1997



Pharmaceutical Industry

Industrial Process Desaiption

Table 7: Sunmary of Typical Material Inputs and Pollution Outputs in the Pharmaceutical Industry

Process Inputs (examples d Air Em issions Wastewater Residud
same commonly used Wastes
chemicals provided)
Chemical Solverts, catalgts, VOC enissiors from Process waste waters wth Reactionresidwes
Synthesis reactats, e.g berzere, reactor ents, menways, spen solverts, catalgts, and reactor
- Reation | chloroform, methylere material loadig ard reactans; pump seal veters, bottomwastes
chloride, tolere, unloadirg, acid gses wet scribber vastevater;
metharol, ethylene (halogenacids, siiur eqgupmert clearing
glycol, methyl iscbutyl dioxide, nitrous axides); | wastewater; wastevater
ketane (MiBK), xylenes, | fugitive enissions, from maybe high in BOD, COD,
hydrocHoric aci, et. pumps, sample TSS with pH of 1-11.
calections, valves, tanks
- Sepaation | Separatiorard exraction | VOC enissiors from Equipmert clearing wash
sdvents, e.g.. ri®hand, filtering systens which waters, spils, leaks, spnt
toluere, hexanes, etc. arerit cortained; ard separatiorsolverts
fugitive enissions from
valves, tanks and
centrifuges
- Purification | Purification sdvents eg.. | Solvent vepors from Equipment cleaning wash
methand, toluene, purification tanks; waters, spils, leaks, spnt
acetae, hexanes, etc. fugitive enissions purification sdverts
- Drying | Finished actie dru(s) or | VOC enissiors from Equipmert clearing wash
intermedates manual ladng and waters, spls, leaks
unloading of dryers
Natural Product | Plarts, roots, aimal Solvert vapors &VOC's | Equpmert clearing wash Spern raw
Extraction tisstes, exraction from extractionchemicals | waters, spersolverts materials (plars,
solverts, e.g. anmonia, (ammonia); retural prodict roots etc.)
chloroform, pherol, extractionwastevater lave
toluere, etc. low BOD, COD, TSS and pH
of 6-8.

Fermentation Inoculum, sugars, Odoriferaus gases, Spent ermenta broth, Waste flter cake,
starcles, nitrients, extractionsolvert vapors, | fermertation wastevater fermertation
phosplates, é&rmertation | particdates cortaining swjars, starchs, residies
solverts, e.g. ethanol, nutrierts, etc.; vestewater
amyl acohal, methanol, tends to have high BOD,

MiBK, acetoe, etc. COD, TSS au have pH of 4-
8.
Formulation Active drug, binders Tablet dsts, otler Equipment clearing wash Particulates,

(starches), sugar, syps,
etc.

particulates

waters (signt sdvents), sils,
leaks; washwaters tyically
cortain low levels of BOD,
COD, TSS ard have pH of 6-
8.

waste ackaging,
rejected tablets,
capsles etc.

Source: Developmert Document for Proposed Efluent Limitations Gudelinesard Sardardsfor the Fharmacedical
Manufacturing Point Source Gitegory, US EPA Washington, DC., February 1995.
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[11.B.1. Raw Materials

“The pharmaceutical manufacturimglustrydraws uporworldwide sources

for the myriad of raw naterials it needsa produce redicinal chemcals.
Fermentation opeations rejuire many new raw maerials fdling into gereral
chemical classifications such as carbotates, carbonates, steep liquors,
nitrogen, and phosphorus compounds, anti-foaentgy and various acids
and basesThese chemicals are used as carbon and nutrient sourcesnas f
control aditives, and for pH a@justment in feementation proceses. Various
solvents, acids, and bases are also required ftnraetion and purification
processes.

Hundreds of raw materials are re@d for the chemical synthesis processes
used by the industry These include oagic and inorgnic compounds and
are usedn gas, iquid, and sald forms. Plantand ammal tissues are sb
used by the pharmaceutical manufacturimgdustry to produce various
biological and natural draction products” (EPA, 1995).

Each manufacturingor formulation plant is special, differinigom othe
similar pharmaceutical plants in sizypes of intermediatebulk substances,
or products produced, amounts angéyg of solvents used, and thus, in the
raw materials used and wastes/emissiormegated. Most bulk
pharnmaceuical reactons requie orgnic solvent to dissole chenncal
intermediates and reagnts. Because of lte hgh reactvity of many
pharmaceutical reagts and intermediates, pharméaoeal solverts mus be
non-reactve, provide an envonment which alows efficient heattransfer
during endothe@mic or exothermic reactons and facilitate efficient dectron
transfer. Often halognated solvents, such as mé#nge chloride, provide the
optimum choice for pharmaceutcal reactons. The nost commonly used
solvent in the pharmaceutical indusisymethanol, an gigenated orgnic
solvent Other conmon sol’ent used are &ano| acebne, andsopropanol.
Tables 8, 9, and 10 show the pycal solvents (and whether or not trerg
priority pollutants or haadous air pollutants) used in chemicahtesis,
biological and natural exaction, and fermentation processes, respectively

Final bulk substances from the bulk manufacturprgcesses are used in
formulation operations, alongith other raw materials or ingdients. The
production of these imgdients is described under SectibrA.2.
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Table 8: Solvents Used in the Chemical S/nthesis Process

Chemical Priority Hazardous Chemical Priority Hazardous
Padlutant Air Pollutant Pallutant Air
Under the under the Under the Pollutant
Clean Water Clean Air Act Clean Water under the
Act Act Clean Air
Act
Acebne Ethylere glycol X
Acetonitrile X Formaldehyde X
Ammonia (aqueous Formamide
n-Amyl aceate Furfural
Amyl Alcohol n-Heptane
Aniline X n-Hexane X
Benzene X X Isobutyraldehyde
2-Butanone(MEK) X Isopropanol
n-Butyl acette Isopropyl aceate
n-Butyl alcohol Isopropyl ether
Chlorobenzene X X Methanol X
Chloroform X X Methylamine
Chloronethane X X Methyl cellulose
Cyanide X Methylere cHoride X X
Cyclohexane Methyl formate
o-Dichlorobenzene (1,2- X Methyl isobutyl X
Dichlorobenzere) ketone (MiBK)
1,2Dichlorobenzene X 2-Methyipyridine
Diethylamie Petroleum ngohtha
Diethyl Ethe Phenol X X
N,N-Dimethyl aceanmide Polyethylere glycol
600
Diethylamine n-Propanol
N,N-Dimethylaniline X Pyridine
N,N-Dimethylformamnide X Tetrahydrofuran
Dimethyl sulfoxide Toluene X X
1,4Dioxane X Trichlorofloromethane
Ethanol Triethylamine X
Ethyl aceate Xyleres X

Souce:adapted fom Development Document feroposd Effluent Guidelineand Sandards for the Phamaceuitcal
Manufacturing Pont Source Gategory, 1995 and US EmonmentLaws, 1994,
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Table 9: Solvents Used in Biological and Natural Product Extraction
Chemicals Priority Hazardous Chemicals Priority Hazardous
Pdlutants Air Pdlutants Air
under the Clean Pollutants under the Clean Pollutants
Water Act under the Water Act under the
Clean Air Act Clean Air Act
Acebne Ethylere glycol X
Acetonitrile X Formaldehyde X
Ammonia (aqueous n-Heptane
n-Amyl aceate n-Hexare X
Amyl dcohol Isopropanol
n-Butyl alcohol Isopropyl aceate
Chloroform X X Isopropy! ether
1,2Dichloroethane X Methanol X
Diethylamine Methylene X X
chloride
Diethyl ether Petroleum
ngphtha
N,N- X Phenol X X
Diethylf ormamide
Dimethyl sulfoxide n-Propanol
1,4Dioxane X Pyridine
Ethanol Tetrahydrofuran
Ethyl aceate Toluene X X

Souce:adapted fom Development Document feroposd Effluent Guidelineand Sandardsfor the Phamaceuitcal
Manufacturing Pont Source Gategory, 1995 and US EmonmentLaws, 1994.

Table 10: Solvents Used in Fermentation Processes
Chemicals Priority Hazardous Chemicals Priority Hazardous
Pdllut ants Under Air Padllutants Under Air
the CleanWater Pollutants the Clean Water Pollutants
Act under the Act under the
Clean Air Act Clean Air Act
Acetone n-Heptane
Acebnitrile X n-Hexare X
Ammonia (aqueous Isopropanol
n-Amyl aceate Isopropyl
acefte
Amyl dcohol Methanol X
n-Butyl aceate Methyl
cellulose
n-Butyl alcohol Methylene X X
chloride
Chloroform X X Methyl X
isobutane
ketone (MiBK)
N,N- X Petrdeum
Diethylformamide naphtha
Ethanol Phenol X X
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Table 10: Solvents Used in Fermentation Processes ‘

Ethyl aceate Toluene X X
Formaldehyde X Triethylamine X |

Souce:adapted fom Development Document feropo®d Effluent Guidelineand Sandards for the Phamaceuitcal
Manufacturing Pont Source Gategory, 1995 and US EmonmentLaws, 1994,

[11.B.2. Air Em issions and Control Systers

Both gaseous orgnic and inorgnic compounds, as well gsrticulates, may
be emitted during pharmaceutcal manufacuring and fornulation. Some of
the volatile organic compounds (VO¥and inorgnic gases that are emitted
are classified as hazlous air pollutants (HAPs) under the Clean Air Act.

Thetypeandamount of emissionsegerated are dependent on the operations
conduced by the facility, as well as how the produd is maufactured or
formulated. “Each (pharmaceutcal) plantis unique, difering from other
plantsin size, types of products manufactured, amounts apdsyf VOC
used, and air pollution control problems encountered” (EPA, 1979).

Bulk Manufacturing

As previouslydescribed, the industrganufacturemostbulk pharmaceutical
substanceandintermediate$n campaigsvia batchprocessesFollowing

the completion of one campaig another bulk substance or intermediate is
typically madeusingthesame equipment (e,geactors, filters, dgys). The
reacants and sdvents wsed in manufacturing the next bulk subgtance or
intermediate may vary greatly from theones previously usel. While some
reactions mayequire the use of halegatedsolvents, the next reaction may
use another solvent aro solvent at all.

This wide variations in bulk manufacturingnakes predictingypical or
annual averagemissions difficult.This is because the emissioengrated

are predicated on what bulk substance or intermediate is manufactured and
over wha length of time and which equipment and rawv maerials ae useal.
Some bulk substances and intermediates are made frequestile others
may be made onlyonce everytwo to three gars over a one to two week
period. This has often prevented the calculation pfdgl enission rates for
each operationHowever, an appramate rankingof emissionsourceshas
been established byEPA and is presented below in order of decreasing
magnitude. Thefirst four sourcesaperallywill account for the majorityf
emissions from a bulk manufacturiptant.

. Dryers

. Reacbrs

. Distillation units

. Storage and tansfer of naterials
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Formulation

. Filtration
. Extraction
. Centrifugation

. Crystallization

Dryers are one of the laggt sources of VOC emissions in bulk
manufacturing In addition to the loss of solvent durilgying, manual
loading and unloading of dryers can retase salentvapors nto anbientarr,
especally when tay dryers are usedVOCs are ao generaed fromreacton
and separation seps va reacbr vens and nanways. Centrifuges may be a
source of VOC anissions, gpecidly in top loaling types, whee solids ae
manuallyscooped out.

Typical contols for these ensson sources, etuding storage and tansfer
operations, include condensers, scrubbers, carbon absorbems @rehsion,
incinerators. “Storage and transfer emissions can be controlledsagor

return lines, vent condensers, conservation vents, vent scrubbers, pressure
tanksandcarbon absorberd$loatingroofs maybe feasible controls for lagg
vertical storag tanks” (EPA, 1979).

Both particulates and VOCs maye formed duringnixing, compounding
formulation, and packagg steps. Because these compounds npege a
danger to workers, throulg direct inhalation, thegre a principal concern.
Dependingon the process and the batch record requirements, the p&eticula
(e.g., tablet duss) may be recygled back mto the fornmulaton process.
However, soméimes thepaticulates are collected for destrudion or disposa

As in bulk manufacturingthe type and quantityof compounds emitte
depends on the operatiorizor example, formulation facilities magr may
not emit VOCs. Some formulation opeations do not require the use of
solvents, somemay only use solvents for d¢eaning, and somemay use
solvents in ganulaion and @mding opeaations. In somefacilities, organic
compounds, such as ethanol or isoprbpjcohol, midnt be used in the
formulation of the product and VOCs mée emitted duringmixing,
formulation, and/or packaup.

Air Pollution Control Equipment

More than one type of air control equipment may beusa a any onetimein
anyonefacility. A description of the various equipment usedh®y/industy
is provided below.
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Condenseas. Condenseas are widely used n the pharmaceuical indugry to
recover solvents from process operations (a process condenser) and as air
pollution control devices to remove VOCs from ventedeg. Process
condensers differ from condensers used as air pollution cdetrigesasthe
primary purpose of a process condenser is to recover material as amalinteg
part of a unit operationThe process condenser is the first @nsdr |ocated

after the process equipment and supports a vapor-to-liquid phase chafay

the vapors produced in the process equipmeriExamples of process
condensers include distillation condensers, refaondensers, process
condensers in line before the vacuum source, and process condertsars use
strippingor flashingoperations. The primarypurpose of a condenser used
as an air pollution control device is to remove VOCs prior to venting

Condenation is theprocess ofconveating a gas orvapor to liquid. In this
method, gas streams from vents containik@Cs are cooled to below their
saturation temperatures, convertthg gs into a VOC liquid.This remove
some VOCs from the @s, but some remains.The amount of VOCs
remaningin thegas dgends on theempeaatureand vgor-liquid equilibrium

of theVOC. Loweringthe temperature of the condensenagallylowers the
content of VOC in theap stream.

“I'n the most common e, surface condensetise coolant does notdirectly
contact condensable vapors, rather heat is transferred asto&sca(usually

a tube wall) separatingapor and coolantin this waythe coolant is not
contaminated with condensed VOC and rnayirecty reused. Thetypeof
coolant used depends on the deg of coolingneeded for a particular
situation” (EPA, 1979).Coolants in common use are water, chilled water
brine, and tycol.

Saubbers. Scrubbers or @ absorbers are used to remove one or more
constituents from a gas stream by treatment with aliquid. “Absorption is
important in the pharmaceutical industrgcause manyOCs and other
chemicals beingised are soluble in water or aqueous solutidimerefore,
water, caustic or acidic scrubbers can be applied to a varatgir pollution
problems” (USEPA 1979).

Whenusinga scrubbeias an air pollution control device, the solubibfithe
constituents in thegas str@m in the absorbingliquid must bedeermined.

“T he rate of transfer of the soluble constituents from tlas tp the liquid
phasasdeerminedby diffusionalprocesses occung on each sie of he ggs
liquid interface” (Theodore and Bonicore, 1989).

The main types of scrubbers used are packed tower, plate ortdvest,
venturi scrubber, and sprapwer. Each type of scrubber is desigd to
provide intimate contact between the scrubblimgid and the gseous
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constituents so tha mass trasfa beween phaes is promotd. The degree
of control achieved is dgpendent on theresidence time of thegas and liquids,
the interfacial area, and the pdigal and thermodyamic properties of the
VOC species involved.

Combustion or Incineration. Another method used for controllingOC
emissionsis combustion or incineration. “I n general, factors that influence
the efficiencyof combuston are: (1) temperatire, (2) degee of mixing, (3)
residence timein thecombustion bamber, and (4) type of VOC combuded.
Since more waste streams contain dilute VOC concentrations,rétgyre
that supplemental fuel maintain the necessamybustion temperatures”
(EPA, 1979). Althoudn combustion sstems can achieve Higremoval
efficiencees, hese sgterms are ypically more exensve o insall, operag,
and maintain, and have secondamyissions assiated with their opeation.
Additionally, a scrubber malye required to control inoagic gasesproduced
as byproducts of combustion.

“Equipmentusedto controlwaste gses bycombustion can be divided into
three categries: direct combustion or flaringhot often used bythe
pharmaceuticahdustry), thermaloxidation, and catatic oxidation. A direct
combustor or flae is adevice in which ar and dl the combustiblewaste
gasesreact at the burnern contrast, in thermal adation, the combustible
waste ggses pass over or around a burner flame into a residence chambe
where oxidation of thewastegases is @mpleted. Caalytic oxidaionisvery
similar to thema oxidaion. The main difference is that after passing
through the flame area,he gses pass over a aftst bed whch pronotes
oxidation at a lower temperature than dttegmaloxidation” (Theodoreand
Buonicore,1989). Efficiencyrates of catalyc oxidizers in destrayg VOCs
can reach close to 98% (Buonicore and Davis, 1992).

Adsorption. Adsorption is another method for removi@Cs from @s
streams. This method filters out the volatiles Ipassingthem throud a
packed column of activated carbon, silicates, aluminas, aluminosilicates, or
anyother surface which is porous and has a micstliye structure As the
gas steam passes tlrough the column, the VOCs alsarb to the sufaceof the
media. Theadsorption méerial in thecolumn esentudly becomes saurated,
and must be either remerated or disposed.Most sorbents maype
regenerated repeatedly by passindhot ggs or steam througthe bed.VOCs
will desorb into thegas or stem. Thehigh VOC cacentrationin thegasor
steam can then be removed through condensationAdsorption can be about
98%efficientin removing VOCs in the wasé ggs steam(Crume and Prtzer,
1992).

[11.B.3. Wastewater
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Pharmaceutcal manufacurersusewater for process operains, as welas for
other non-process purposeblowever, the use and dischargractices and
the characteristics of thewastewater will vary dependingon theopeations
conductedatthefacility. Additiondly, in some caes water may beformed
as part of a chemical reaction.

Processvaterincludesanywater that, duringnanufacturingpr processing
comes into direct contact with or results from the use of argw material or
production of an intermediate, finished producprioguct,or waste. Process
wastewater includes water that was used or formed dilméngeactionywater
used to clean process equipment and floors, and pump seal wisltan-
processwastewater includes noncontact cooliwgter (e.g used in hda
exchangrs), noncontact ancillaryvater (e.g boiler blowdown, bottle
washing), sanitarywastewater, and wastewater from other sources, (e.g
storm water runoff).

Basedon the responses from 244 facilities to a 1990 308 Questionnaire, EPA
estimated the average daly wastewater generation by the phamaceuical
manufacturingndustryto be 266 million glons. Additionally EPAleaned

that more than half of the respondirigcilities have implemented wate
conservation measureSuch measures includereful monitoring of water

use instdlation of automdic monitoring and darm systens or in-plant
dischar@s,implementation of alternative production processes, reuse of non-
contact water as process makeup water and treatrinegritactcoolingwater

to dlow reuse

Pharmaceuical manufacurers gnerae process wastvaer conaining a
variety of conventional parameters (e.80D, TSS, and pH) and othe
chemical constituents. The top ten dhemicals distaged by the
pharmaceutical industigre provided in Table 11. Of these qmunds,two
are “priority pollutants®. The top four compounds areygenated orgnic
solvent (e.g, methanol ethanol acebne, andsopropanal.

Priority pollutants are he polutants listed in 40 GFR part403, Apperdix A.
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Table 11:Chemicals Dscharged in Wastewater by the Pharmaceuical
Manufacauring Industry
Quantity Percent d Total # of Facilities Repating
Constituent Name Discharged (bs/yr) Loading Constituents
Methanol 15,388,273 28 82
Ethanol 6,802,384 12 97
Acebne 4,573,766 8.4 55
Isoproparol 4,565,370 8.4 85
Aceic acid 4,328,691 7.9 44
Methylene chloride 3,590,640 6.6 47
Formic acid 2,136,059 3.9 9
Ammonium hydroxide 1,365,741 25 32
N,N-Dimethylacetanide 1,046,333 1.9 7
Toluere 783,364 1.4 43

Souce:adapted fom Development Document feropogd Effluent Guidelineand Sandardsfor the Phamaceuitcal
Manufacturing Pont Source Gategory, 1995 and US EmonmentLaws, 1994.

Most process wastwaer receves sore treatment, either n-plant at the
proaess unit prior to omminding with othe facility wastewvater or prior to
discharge to apamitted outfdl. Table 12 provides atrend aralysis prepared
by EPA of wastewater treatment technoleg used byhe pharmaceutical
industry EPA found that “since 1986, the usenetitraliation,equaliation,
activated sludg, primaryclarification, multimedia filtrationsteamstripping
seconday clarification, ganular activated carbon, and oxidaion have dl
increased, while the use of aeratedlagoons,chlorination,wastestabilization
ponds, and tricklingdilters have decreased didy” (USEPA 1995).

More then hdf of the survered fecilities provide pH aljustment or
neutralization to adjust the pH prior to dischargAdditionally, because
wastevater treatment can be sensitive to spikes of high flow or high
constituent concentration, mantyeatment sstems include equahtion.
Advanced biologcal treatment is used to treat biochemicalgen demand
(BOD;), chemical oygen demand (COD), total suspended solids (TSS), as
well as various orgnic constituents. Biological systems canbedivided into
two bast types:aerobt (treatnent takes phce n the presencef oxygen)and
anaerobic (treatment takes phces m the absence of ggen). Very few
pharmaceuticdhcilities (only two) use anaerobic treatmeitowever, more
than30percenuse aerobic $fems such as activated slagdgerated lagpns,
trickling filter, and rotding biologcal contactors (RBC).
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Table 12:Wastewater Treatment Technology Trends
Percentage of Facilities Using | Percentage of Facilities Using
Treatment Techhology Techology Prior to 1986 Techology in 198914990

Neuralizaion 26.0 44.3
Equelizaion 20.1 28.6
Activated $udge 16.9 20.5
Settleate sdids renoval 13.3 NA
Primary sedmentation 12.0 NA
Aerated lagoon 7.5 49
Primary clarification 3.9 9.8
Chlorination 3.6 25
Polishing pords 3.2 NA
Waste stabilizatiorpord 2.9 2.5
Trickling filter 2.9 2.0
Multimeda filtration 2.3 6.1
Streamdtripping 1.9 5.7
Evaporation 19 NA
Secomlary clarification 16 20.9
Grarular actiated carbon 1.3 3.3
Oxidation 1.0 2.0
Dissolwed air fotation 1.0 NA
pH adjwstment NA 50.0
Phas gparaton NA 12.3

Note: Total percentage is not 100 lecawse fcilities may use multiple treatnent technologes.

NA - Not available.

Souce: adapted fom Development Document feropoed Effluent Guidelineand Standats for the
Phamaceuitcal Manufacturing Pont Source Gategory, 1995 and US EmonmentLaws, 1994.

Although the pharmaceutical industinas routinelytilized recovengystems

to recover and reusesolvents, onlyfour fecilities wee identified by EPA &
using stream strippingo remove gses and/or ompic chemicals from
wastewater streams. Sixty onefacilities wee identified tha usedistillation
either to recover a speftt solventfrom a process stamor to treatone or
more processvask streans. However, accordig to PhARMA, it is likely that
thesefacilities usethis methodto recover a specific solvent from a specific
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process seamrather han b treatwasewater from numerous operabns
since the treatment technolpg not applicable to the wide ramgf waste
characteristics common in the pharmaceutical industry

[11.B.4. Solid Wastes

Both nonhazrdous and haxdous wastes areegerated duringall three
stagesof pharnaceutcal manufacturing. These wastes can indudeoff-spec
or obsolee raw maerias orproduds, spet solveits, reactonresdues, used
filter media, still bottoms, useé chemical reagents, dusts from filtraon or air
pollution control equipment, raw material packagwastes, laboratory
wastes, spills,aswell aswastes geneaated duringpackaging of theformulaed
product.

Filter cakes ard spert raw materials (plants, roots, anmal tissuesetc.) from
fermentatiomandnaturalproductextraction are two of the largest sources of
residualastesn the pharmaceutical industrpther wastes include reaction
residues and filtrates from chemical synthesis proesses. These wastes may
bestrippedof anysolvents which remain in them, and then disposed as either
hazrdousor nonhaardouswages. Typically, solid wastes are shipped off-

site for disposal or incineration.

A number of practices are implemented thg industryto reduce waste
generation and material losses. Typical practices include process
optimization, production schedulingmaterials trackingand inventory
control, specal material handing and sbrage procedures, prevewne
maintenance pragms, and waste stream ssgation.
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[11.C. Management of TRI Chemicals in the R oduction Process

The Pollution Prevention Act of 1990 (PPA) requires facilities to repor
information about the managent of Toxcs Releasenkventory (TRI)
chemicalsin waste and efforts madeto diminate or reduce thosequantities.
These data have been collected annuall@ection 8 of the TRieporting
Form R begnningwith the 1991 reportingear. Thedatasummarizd below
cover the years 1994 throdg 1997 and are meant to provide a basic
understandingf thequantities of waste handled the industrythe methods
typically used to managthis waste, and recent trends in these methoRs.
waste mana@ment data can be used to assess trends in source reduction
within individual industries and facilities, and for specific T¢Remicals.
This information could then be used as atool in identifying opportunitiedor
pollution prevention cmpliance assistace activities.

While the quantities reported for 1994 and 1995 are estimates of quantitie
alreadymanagd, the quantities reported for 1996 and 1883projections
only. The PPA requires these projectionsto encourage facilitie s to conside
future waste generation and soure redudion of thosequantities & well as
movement up thewastemanagement higarchy. Future-year estimates are not
commitments that facilities reportingnder TRlare required to meet.

Table 13 shows that the TReportingpharmaceutical facilities manad
about 382 million pounds of production related wasteal (gptantity of TRI
chemicals in the waste from routine production operations in Colujrin B
1995. From the yearly daa presented in Cdumn B, the total quantity of
producton related wastes increased beween 1994 ad 1995. This is
probaby in partbecausehe nunber of chencals on he TR list almost
doubkd beween those years. The quantity of wastes generated was dso
projected to increase in 1996 and 1997. The effigatoductionincreasesn
the amount of wastesgerated has not been evaluated.

Valuesin Column C areintended to reveal the percergad TRI chemicals
that are either transferred off-site or relebteehe environment. Column C

is calculated bydividing the total TRItransfers and releases (reported in
Sectons 5 and 6 of the TRform R) bythe total quantityf production-
relatedwaste(reportedn Section 8 of Brm R). Column C shows a decrease
in the portion either transferred off-site or released to the environment from
50 percent in 1994 to 46 percent in 1999 he waste released to the
environment or transferred off-site for displodecreased slightly in 1995 to
about10 pecent of total wastes geneated, as shown in Column J. This
decreasingrend is projected to continue thrdug997.
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The overall proportions of wastes mardgff-site (Columns D, E, and)F
and onsite (Columns G, H, and 1) change very little from yearto year.About
50 percent of the industig TRI wastes were maned) on-site throulg

recycling, energy recovery or treatment as shown in columns D, E, and F

respectively. Almostall of these on-$e managed wases were reayled or
treated on-siteOnly about two percent weresedin energy recovery Waste
that is transferred off-site can be divided into portions that areledff-
site, recovered for ener@ff-site, or treated offite as srown in columns G
H, and | respectively The remainingportion of the production relate
wastes, 10 percent, shown in columisBther released to the environment
throudh direct dischargesto dr, land, water, and undergroundnjecion, or it

is disposed off-site.

Table 13:Source Reduction and Recycling Activity for the
Pharmaceuticals Industry as Reorted within TRI
A B C J
Quantityof On-Site Off-Site %
Prodiction- Released
Related |% Released| D E F G H | ard
Wast d Disposed
Year (106alsb§)a Trana;r;erredb % - |%Erergy % % Erergy (I)Sff-s??e
’ Recycled| Recowry | % Treated Recycled| Recowery | % Treateqf —
1994 324 50% 13.9% 2.0% 33.5% 5.3% 21.7% 13.3% 10.8%
1995 382 46% 16.8% 1.6% 34.3% 4.7% 21.6% 11.7% 9.7%
1996 404 NA 18.7% 1.6% 37.1% 5.1% 18.8% 10.4% 8.4%
1997 414 NA 20.4% 1.6% 35.9% 5.5% 18.4% 9.9% 8.3%

Souce: Toxics Rekase Inventry Database, 1995.
& Within thisindusry sector, nonprodudion related waste < 1% of produdion related wastes for 1995.

P Total TRI transfers and releases as reported in Setion 5 and 6 of Form R as a percentage of produdion related wastes.

¢ Percentage of produdion related waste released to theenvironment and transferred off-site for disposal.
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